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(54) COLOR REPRODUCTION SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a color 
reproduction system where lighting is converted so that 
spectrum measurement of an observed illumination light 
is replaced with a simpler 3-stimulus value measurement 
and color reproduction of an object under an illumination 
light spectrum suitable for color reproduction is attained. 
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SOLUTION: The system is provided with an RGB color 
camera 1 that photographs an object under a 
photographing illumination light, a simple spectrometer 4 
that measures a photographing illumination light 
spectrum, and a color correction device 5 that 
calculates 3-stimulus value data of an object and uses 
monitor profile data and converts the data into an input 
signal to a CRT monitor. Furthermore, an observer side 
B is provided with a CRT monitor 6 and a lighting light 
color measurement device 7 that measures 3-stimulus 
values of an observation illumination light 8, and the 
color correction device reproduces a color by 

reproducing 3-stimulus values of an object under a virtual illumination light spectrum having 3- 
stimulus values equal to those of the observation illumination light without measuring a 
spectrum of the observation illumination light and without being affected by a change in a color 
perception characteristic of a person such as chromatic adaptation. 
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[0088] xmmBWto&mjEmg 1 4 «. *>* ?m 

mm^<0 R G B m& h iRBJPH#Tr©H!W*fiX y z 

-r*HiW«»ffi»ta^si 1 t. a^fl!3©=*iHWB*c 

RT*-* 6^©A*fi-^ [MRGB] tcStft? £HWJ 

mnnmms 1 2 £ . ssigga 1 3 £ a^auass nrt» 
a. 

[0 08 9] «TCC±§BfeffijE«g*flt/!K-f 

[0 09 0] [KfflMWI*;*^ 9 V fiBWm 1 0 «. fig 

* [MS] . IBtffiRBl 3tC^»»»S*irt>fcRGB 

[h ] , gsfeMStT 1 - 
MCMF], ^jfe&aW5iSia7K:«fc*3f#€>n/cK^ 
RSW^HfOffliffllx- * [ IXYZ] £*>6{KKM?I3I£ 

/tRGBfji [CRGB] fc^JHWftTr©**^*© 
HMitilX k Y h Z h [OXYZ] ZtctiXD^ 

Svh'jw [mtx] %<ma-rs. 

[0 0 9 1 ] ffi§8m%Z'<i> hMt (9) (1 
O) S©ffi#&/M> IX teBflffi«T£ F;l/£ 
•T5. C©«fc-5^X-^i7 l-.iU%#jfcg©X'<*>.»MB© 
t83$g£ ( 9 ) 5R. (10) 5K©i¥«i©J5ffi§tf£K: «fc 9 
^■5. C©i^KOrS*-3fciKffijai|3fc^i'hJU 
lCte(,>T. ( 1 1 ) (C<fc9#ffi3*i£m 1 1 ~m3 3* 

mmt?z>-7 h y m; *x£ vx=$mm 

[ 0 0 9 2 ] H$lJi%tigttl$g|K 1 1 «. RGB*5-A 
y7lKJ:t)»^fcRGBI«f-^, <E®R89I3fe 
x-^i/h^tB^gl 0«cJ:»)^64afcS!SS-7h 
{C «fc 9 HipiMfii X Y Z K^JfrT £ . 

[oo93]^ ±jema«<wsiH*M i 2 «. mftv 

^nmsiK 1 2 ±m%t-c*> <o . c c-r©siw»^BS-r 
a, 

[0 094] ^C@5«C«. ^BJicfc^il^a^a 

©m 3 <ommii&&i&z&ffiJEm&<DmmzmL-cmw 
G#M^*^L-c-e©i¥ffl^^«=ts§-rs 0 * 

r 0.071 0.94 -0.016" 1 
M = -0.461 1.360 0.101 

k 0.000 0.000 1.00 ; 

[0 10 3] »j£a©3W»iiX. Y c Z< [CXY 
z] «. t-^^a^r^ji/^ffli^-c, *-*At>mn 

R. G„ B. [MRGB] ftg}£3*a-5>. CRT*-* 
6CCW. &H38#R. G. B. {CfcOjgj&SftS*-?- 
i»*«Sic»n. SR^«SS^JSB«7C©T-CCRT*- 
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[0095] *mmj&m<D&®iEm&. 1 5 «. rgbi 

[ f ] ?:»ffi-r-5.^7£Sft*#tiJiia9 £> t£¥#3© 
^itfilMS* 8 - 3 OflBMRW*Tt?©W9 

tt©H»ffi [SXYZ] «rSttB-S-S=$"jatffl^tB$?S 
16.!:. ^mftPJ7oT-e©Hf«[8^e>ll^fl^7?;T-C 

©#fce©«a«*©=*iKffl [cxyz] ^jiunrs*] 

£fi*ttl£8 1 7 , »J*5S©= W»ffl *C R T*- * 6 

io ^©a2j{i# [mrgb] tc^-r2.ttj^m##ai^s 

1 2 iiBttSSSl 3 2r«6«lJ£3ft-Ct,>-2,. 
[0096] «TfC, fefflE^g 1 5 l*g©03 K5*0fc 

gl 7 it-o^XlMi? 

[0097] =$mmnti\$m i 6 «. ^^.mmnm 
mm 9 -cum 3 nfcts^ft 3 ©^Tfejgst^f 1 - * f 

(A) [ f ] £. 5fcML.ttel>fcffiM3Sf-fx 
(A), y (A) , z (A) [CMF] . RCJWKffiTOi 
JLX-OY^-irE, (A) [SS] £4><&«i«i(m 
20 #Tr©*9#3©=!W»ffX, Y. Z, [SXYZ] 
*»af*. WWRWje^^ h^-fE. (A) 
«. CIE D6 50X'<i'FJl'M©f"W- 3 8 
0nm^67 8 0 nm*-C©?ffig^lSgCC*Jl>r, 1 n m 

[0 0 9 8] CIE D6 5©X^^ *B#t 

3 *vt ccm SififtCRT*- 

[0 09 9 ] StF&fegLtiJ^g 1 7 «. =»Mttt*fii&a 
1 6 Tff m 3 *i«:«IWaW*TT©WW* 3 ©=$ GRfB 

30 x. y. z, *»BiBffl"w*"pc©»i6e«:sE*-i-a. 

[0100] SSS^8D93t©=3liJ«fflX. s Y, s Z„ s [ J X 
YZ] *JKttt6Bl 3*»6A*S4i. WWHWi6©=«i 
j|t0X..Y..Z.. [IXYZ] *1MW*&»I3£«S7*» 
6A^)3ni,„ 

[0101] *fI&fe©HSiJatfilX« Y c Z c «. (1 
3) 5£tCS-3t>r#m 3*1-5. < 1 3) SfflvF 'J*^ 
MOf-#B. *t£&IMUKKl 7^SI5{cietf.3*irte 
0. t[T©fi*it83ft3*ari^. 
[0102] 

40 [»14] 



— U8) 



^ 6 Ki^ftfcrt^HiHi^glfl-f a. 
[0104] iot, IB^#«> «»J(llW*TraWIJH 

•H3teT©« woe© J&*. *ti^-r€>c:£*5-c^i.. 

[0105] ^K06 K«. *^Kj;|)®4©^feJf? 
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[0106] *igf»&jB». m?L&> nmm2 1 [*j<d» 

(MSC) 2 4lcJ;0}§153ft. »ibiIH£± 

[0107] MSC24«, i7tcml/a^ 
ft 7 ROlISS^^ft ^>T^^ -f ^ * 2 5 L 

* # i 1/ r C C D 4 2 r 0 ?A tp. 

[0 10 8] MSC2 4CCj:0}i^5n/c.m#2 3 OH 

2 7rttcBt0ii*n&.' A#2 3©»atc«, 
»36SW*^-ffiffli*ati*-S>aaoWJRfi2 8 3^HK 

l^^tt2 9CC c tO»^M^OW > ^®2 8*&©H 

[0 10 9]i^^(l 3 £2 7F*3CCEX*) 



(10) ^2 00 0- 1 52 26 9 
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2 1 i«K3 1 ittil(iig3»3 2CCcfcO«S«ti , r*5 0. 
fi[R3 l©CRT*-*3 3ifi«CC»«3*ifclWJHW 
3i£S05£S 3 4 K J: 0 $J5£3 ftfcflMffingjfe 3 5 <D3« 

flxYZB, mmmrns 2*mcxBim2 nc&mz 

[0110] (RflUHI836X^^ h^E h ( A ) «£? 
JS^# 3 5 ©HipiJiftffiX Y Z 4 fc £ ICB 1 ©^3S6»« <t 

io [0111] (KEBSBJ^^f Ml/##ffl3tifc«K:, 

i-n^-*, mm?-*, ^a*>n>f 

2 4<D»*«Kf s -^. tt^ttWte**-- 
#2 3©XYZBMR^-*3W»tH3*i. XYZHIf- 
*jW1«IsI«13 2«r«D-aP!K3 103>fa-^3 6 
CCgjSSn*, =JPJ«fflXYZ». (19) ^ (2 

o) sac*rj(,»r#tasti4. 

[0112] 

ran 5] 







31 


V 




02 


y 













■ (19) 



^97 

[0113]vh^^A, B<Z>g3U M , b (1 », * * [£U 6 ] 

7BO 780 

1 = 380 X'=380 
780 7BO 

X = 3B0 X' = 380 



(20) 



[0114] r&£ e <>fc«Wf5ffl*#ft«u 
*$tt<f (A) f ( A ' ) >ltmWilcmg£rj:Z>m<Oft 

r«Bt»a«:«#3n-cc»4. m»3ioa>t*-* 

3 3rii8«Bf2 1 jfc£iS6*vr*7c«#2 3 CDX Y Z 

D7 T-()lT-Z*m^-C. CRT^^3 3©RGB 

[0 1 1 5 ] ,SL#2 3©RGBA^ffi^BMR«» CRT 
*-*3 3±fc«?S3ft, E**OWK«3 7«, K& 
BSK363 5TKCRT^^3 3_h©#-5HH«*W 



40 



[0116] m^3 1 <DC RT^r^d? 3 3 ©WftCCttS 
l»#««3 8#KH3*vt:te»K Wff«3 7tt«JRJIEnB 
#3 5©W»«3 8^6©J^4*tc+^J8tB-r*J:^K: 

[0117] »*«3 8<D#*K*W*p ( A ) jEffl 
Tttt>W£fctt, ffifflRfflftE*'** h;l/©»fflCCffil^ 
Hm«W3fc3 5<DH$lJi»tfXo Y. Z 0 *&5»CJ:»)# 
*6tt*W»«3 8©=*U«ffiX b Y„ Z b *C^£}&;t 

[0118] 
(8117 ] 



(11) 



19 

780 

X b = / x(X)E 0 |X)p(X)dX 
380 
780 

360 
780 

Z b = | z(X)E c <X>p<X>dX 
380 

[0119] tmmmmmm3 4b, mtamnts 5 > 

SHWPJ#3 5©HW3l60H!piHIM»*aS»Jjef 10 
[01201 t/c. CRT^^33OT^^^n7 7 

[0121] H9tc*»WO0a«ia31S6tt©»5<D^JS 

nti^. BjaL/c»4oie»»j8K:*ji>r, mourn 

[0122] BKJH«*©H»(»ii*jElttt:ice-r*fc 

«c£8BW««:& <tBft6ftK 20 
[0123] C<D<fc 9 *rWMtt«KWtt«r»oaOEa© 

7-**- h3 9<L^3fe^^»]Of r > ; ^^^^^4 

t^#;U#^4 OiCcfc^JSf^T^o ^n-encDfeMo 
tii?M-^«, iHSIsl«4 lMLt, JPII&3 lrtO=3> 

C M i C K 2 • • • c x27 
M = c yl C y2 - • • c y27 
Ce2 • • • ^7 
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(21) 



: m-^ t U r *5 l>/c 7^ * ^ ^ 4 0 O^Wtffl 

UftU 5 4 tC^SS 3 tir l^/c 7^ # ^ 9 4 0 <D 

feUaifc^- * C M F 6 . feUfSUfi-^A^SU 5 5^6 
OfeM^JiiJ^R G B ^i^M0^7fcOH$iJi«tfflX Y Z 

[0125] ±bSE8iv h U ^XMTXB, 
xyzi(A) (i=x, y, z ) > <fV>Z)V±>M 4 0 © 
^*««*hi (A) (i=l-3),ft*©»*S« 
**fi (A) (j = 1-9) if^i^Ci^^t 

[0 126] 
[tfel 8] 



^CjOt dCyk ^zk 



X=3B0 I k=l 



780 f 27 r 

E± = J jxy*i(*>- J]c ik a k (Xj dX (i = x,y, z> 



s k (X) = ki(X)fj(X) (k = 

[0127] Safev h U **»iHaB5 1 *>*>»£H;*ftfc 

5 5k:«l:0A*StifceRBi«*6»eil© 3 iy*«#ffll 

RJH9B3tO=SW*fflXYZ*»liiL. =*J*tt«#»5 
7 (eft??*. 

[0128] *a»#«-trtt, 9ttc©eai%fflc»ri^ 



[0129] CcDJ:^tC-r^^^^^^<tfe^ffll^"C 
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aJB<fcJlI#£fctf5c<ttej:!5. ^OitSffijKfti 1 ^ 
#pJfii<tftS. 

CO 1 3 0 ] «±©HS8»S8«:o^r8il3Ufc*s, -$W 
mm tc ttJWT© <fc 0 ft Ml $ tin >2> . 
[0 13 1] (1) *5-Bf^**«£. ±E#^- 

•3 » 6 n^cHf « jMBoa* mirrz*^- annuls 

[0132] C<D&WIZ. m 1 (Dmfo&B (H 1 RtfB 
3) »2©SBSJK«» (H4) »40»»* 

[0133] COSWft JWTOf¥ffl5»**«**. 

[0134] K^^iHW^tf3&^Ul^««5W3fe 
h;VTr©«^#<DH*iI«fii*Wg"rsC tic J: 
*) % «SSM9Mfc©*^# h Jl/fciMffi-T & C <?: ft < feJ8l£ 
^<DA©fe^m^©^ftK:K»Snfti>aSJM^Wffi 

<Lft£„ 

[0135] ft*. *«Wrtt«*«8l8*i<EHJHW* 
SW^cji@c&Lrc^ii^^« v )Bj£Lri^*f».<hft 

[0136] *7-mRffi*#SBffl*«-WtB 
ftl\, 

[0138] ( 2 ) ±Kfc«IBW#*'<* h ;HUH*K 

* h;l/4#ffi-r^c:i*#mi*r*±8B ( 1 ) 3BtCf2» 

[0139] SKDSKtt, * 1 (H 1 RtfS 

3) t »40S5»»2S8 (H6, H7a^H8> #*fl£T 

[0140] z<omm. «T©ff«sa**j*5. 

[0141] tll^W3fe<bH$lJSitfa^L/t^«fla?l^ 



.2) ^2 000- 1 52 26 9 
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o > WfRrau!*©* *< ^ v )\>*®m? *> c t ft < ejiHtt 

tSCiWO, *»<D«fBt^^^ hil/J:0«>aett 

j: 5 a«H»t wf tr 5 c t «:<t o , ®mwm%<D 

■c«^b-r £ c t ftftMtc ft & o 

[0142] ( 3 ) ±smwmm^^ v *#ffl*« 

( i ) jgcciBaoas^^^A. 

[0143] c©«(ii». n z tomtom <H4 > 

[0144] C©^6*. JMTOfffflai** 4 **. 
20 [0145] «K^W*i3W»«^*UC»««MW* 

0, «S«8?B3fe©^^^ h;V*a95E"T4C<kft<aiBj£ 

*d Aoaadwettostf btcsjg s *i ft i^anii^ «jt^ 

* > * ;i/^T i ft & c <b 3^ifi5*"C * ~* tc a 
[0146] ccotcish, tfPfft^AIlft^WJEOSPt*^ 

30 >*ji*m?&mms*^-mfaAt>&&&& 

[0147] (4) iov-m&Ktt&t, AMt)^- 

H!«aMi*»ffi-r4a«t5E*St, ±aa«t5E*gwcj: 

o t# 6 ti =3W*ffl©a* z *> * - h*w**« 

40 i^^ft^a^^>XT*ACC*5l^T, ±iBajss#^ 

ts^M?B^©Hf ijiStf^a'JS'r ^mmmm^m. 
*Sftiea»ffi*Si, ^w-r^ci^^ai-r^aws 

[0148] C©*98«. »3<DlBBKffl (H3S^H 
5) 3Wt(6-r4. 
50 [0149] CO^It tiTOfffflSft** 5 **- 



(13) 
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[0150] mmommtmytx'*? t*<DTxoxm 
^<otmw<D=mmm<D&<D&?L zmmmytorx^- 

[0151] (5) mmcotm&zti?~-m{&±Lxm 

7-z&m&^mte&m^>AT^ttei<>x, mmmw 
iti : xtmte*wfc-?z>t!?-tijtvt, ±Mmmmm 

?zm<DmmMWft<D^mi&mzmfeLx, m&%-fri> 
x&mjE&mfcmmmwft<D=mmmT- * & 

mmicm^xftf&zfttcijmmwytz^? y^txcd 

-zzm^x. *~$m^cm&-$rzm$iiEmm£, ± 

[0152] c<ommt, m 1 <ommnm m 1 
3 ) t M4<Dmsam me) ±*mm?z>. 

[0 15 3] CVfVRttl* «TOffifflSaiS3&**a. 

[0154] m&mmtmmmmttmmxmmzn, 30 
mmtetevz&nm&mmxz, mmmytoE$m 

[0155] ( 6 ) ±fB ( 5 ) KfB«©±ffifeWBS'* 

ms. ztitcmmmwit<DE.mmm 1 xyzi, ±bk« 
g b msif- ^crgb tmmftMtfr h<omzimx 

»*SW*»tHKKt, ±ee*«Bfr6<D*aW*7 s 
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*«f-*0XYZ*#Wr4Hlttttl(tW8Ii, ± 
SBfBtB»H*> 6<Z>*- £ 7*a 7 y Jl/f*- dfMT P <h . 

nmzmt>mnnM3mxmf&,2tiz. 
coi56] c<D§tm*. m 1 <D$mim 03 ) #st 

[0157] C©»««, OT^fflM^*^. 
[0158] «ORIin^H«l|tta^«UC>H*l(tt«« 

[0159] ( 7 ) ±1B ( 5 ) (C§B«©±iEfelPg2'* 
r-AOfeffliE^g^, ^jf^D7T^;l/f"jrMT 
P. ^feK&-r-^CMFRt>*±IBRGB^^-^^^ 
(DdJlMfif- * h Sr^gBtt-r &§Bffi«B t . ±1 BJH 

XMTXi, ±iaRGB^5-^7^-7^6A^U/cRG 
Biii^r - ^CRGBi^ 6»^f*©=» 'JiilMB^- # o 
XYZ^JWH-rSHWaMWaiKMi. iffiSBtttiSK^ 

^e-^i&-5RGBH«f r -arCRGB*»:fflr&ffi* 

m^uftmsitxmi&ztiz. 

[0160] CWHJB, *20lOS?eJ» (04 ) 
[0161] C(7^P^63: k ±IB (3) B£n*OfH!*& 
[0162] ( 8 ) ±IB ( 5 ) JC«a«0±EeW31*/^ 

Y Z&O'itBR G B Jjz>-JjM 5<Da3tiRBL?- 2 h S: 

ttf 5 -^ aSW^jlfiJBtt^-jrhi, ±IBRGB^7- 
^y^^eA^LfcRGBiS^r-^CRGBi, ±13 
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r©w?fc©=f«Mi s x y z *»aj-r * =*U««»tt 
gai, ±E=w«ffiiiwiai*»e©=w«*sxYz 

4 . JJBEtBttfe 6 ©ffl«MW*<DH$iJ$<» J X Y Z 

i x y z 4 *« 6»i6e©a*<*© =«ikii cxyz^s 
a-r £*fj£feiitB^iB4> ±s»j6e»a*ai*6o 
H»«tcxYZi, igaistt^H*^©*-*:^? 

7 4 Jl f - * M T P 4 frh ±13 * - * <f# 4 ft * R G B 

a*?- * c r g b £i?a3-r * &timnm.&$m.-cmti)i, 
[0163] tvmmz. msommitm (S5)« 

[0164] CCD^WJ*. ±E (4) JS4l3l^©mB$ft 
[0165] 

[ I6B^cdS»* ] Vt±Mm LtcJ: *) t,c*mW K J: ft tf. Ml 
^H8B^©x--:^ h;vai^?:J: «3fflffift=:*ija)lffliWS«: 

[Hffi©IB*ftlttll!3 

[0 2 ] &S3 8 0 nm~7 8 OnmOrt^A:? h 
;KCfeW-l,3*cr)»J!Slia^*7K-ra'C4)-2)o 5 
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* [03] 01«:^LfcfeffliE«S(D»fiBft«{^5:^-rS 
[04] «2(DimH$tt(<:ft&iiifltKMIKO&MjE« 

[ 0 5 ] tt 3 <n$mmm&mzmmmmm<D&mjEm 

[06] 04O9»Sff51^c^2>iij^teII^S©^fflW ; & 

[07] m4<D$mj&imcm^tc-?)i>*z'<!? t-Ji*>s 

10 5 (MSC) ififfi*.Z>y 4 hOMW4* 
f0-C#>£. 

[0 8] mA(ommBWAcm^tc?)i^^^ v ivt) jt 

~> (MSC) <DfifJSW£m-r0-C&£ o 

[09] tn 5 <Dmmm<£&zmmm&&(ommffl$: 
[010] ^5 (Dni&rm<£tovzMWJtE.Mmm&tii 

1 -RGB*7-*y7 

20 2- mmm% 

7 -ISBJJ#&8'J5£i£K 

a-imbm 

B-ttJWW 



[0i ] 





1 ggg * 1 






— " — l- g 

CRT*-* ' 





120 
100 

8 aD 

|j 60 
U 40 
20 
0 

-20 : 



[02] 














»'"» 







[17] 



Sfcg(nm) 




26 7* JL**-U? h 



(15) 
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[S3] 



^ I MS 



C RGB 













1 XYZ 









CMF 



MTP I 



|0XYZ 

mrgb 

CRT=E_* a/6 



— r- — 1 1 : 



MS 



[04] 



eg. 



I 



EH 



T" 

1 0 



CRGB 



MTP , ^° XYZ 
MRGB 



CRT*-* ^6 



[B5] 



CRGB 



CMF 

ss 



0 



MS 



Wl 6 



JXY2, 



jsXYZ 



JcXYZ 

■* | ft^Wgt^g [ ^1 2 

MRGB 



CRT*—* v6 



^1 5 






//< I \\\ 



33 

36 




JB 



(16) 
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[09] 




1 0] 



✓ 52 



53 



CMF 



CSR 



54 



55 



RGB 



MTX 



56 



XYZ 57 

d 



F £ — 2C02O AA08 DA05 DM3 DA34 DA35 

DA65 

5C066 AA01 AA03 CA08 EM3 EB02 
EC01 FA02 GA01 KD06 KE04 
KF05 KM10 KM11 KM17 KP05 

5C077 MP08 PP31 PP32 PP37 PP72 
PQ12 TT09 

5C079 HB01 HB05 3A25 LA02 LB01 
MA11 NA03 NA21 



